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Characteristics of Physico-chemical Water Quality Characteristics in Taechwa-River Watershed
and Stream Ecosystem Health Assessments by a Multimetric Fish Model and Community Analy-
sis. Kim, Yu-Pyo and Kwang-Guk An* (College of Bioscience and Biotechnology, Chungnam
National University, Daejeon 305-764, Korea)

This study was to evaluate water quality characteristics and ecological health using
a mulimetric fish model in Tachwa-River watershed during May ~ September 2009.
The ecological health assessments were based on the Index of Biological Integrity (IBI)
using fish community and the multimetric model of Qualitative Habitat Evaluation
Index (QHEI). For the study, the models of IBI and QHEI were modified as 8 and 11
metric attributes, respectively. We also analyzed spatial patterns of chemical water
quality over the period of 2000~ 2009, using the water chemistry dataset, obtained
from the Ministry of Environment, Korea. Values of BOD and COD averaged 1.7mg L™}
(scope: 0.1~ 31.8mg L") and 3.6 mg L™! (scope: 0.4~33mg L1, respectively during
the study. Total nitrogen (TN) and total phosphorus (TP) averaged 2.8mg L' and
96.8 ug L}, respectively, indicating an eutrophic-hypertrophic state. Also, TN and TP
showed longitudinal increases toward the downriver reach. In the watershed, QHEI
values varied from 67.5 (fair condition) to 164.5 (good condition) by the criteria of US
EPA (1993). There was a abruptly decreasing tendency from T9 site in the QHEI values.
According to 1st and 2nd surveys of Taewha River, multimetric model values of IBI
was averaged 26.1 (n=14) with “good” condition (B) and the spatial variation was evi-
dent. Our results suggest that the mainstream sites was getting worse health condition
along the river gradient due to inputs of the point and non-point sources from the
urban (Ulsan city). Overall, dataset of IBI, QHEI, and water chemistry indicated that
the ecological river health showed a downriver decline and the pattern was closely
associated with habitat degradations and chemical pollutions as the waters pass
through the urban region.
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Fig. 1. Sampling sites in Taehwa River.
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Fig. 2. Change of biochemical oxygen demand (BOD), chemical oxygen demand (COD), total phosphorus (TP), total nitrogen
(TN) and suspended solids (SS) measured from 2000 to 2009 in Tachwa River.
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Fig. 3. Qualitative Habitat Evaluation Index (QHEI) in
Taehwa River. The abbreviations are as follows:
Good=G, Fair=F.
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Fig. 4. Tolerance Guild and Trophic Guild in Tachwa River.

3} SRS FZANY BTl & Hom ‘/}E}‘x}
o 37} SAE SAE] 8.0%2 EAHEREH, &
%9 Adlsr} 5% o) ddw A, 1~6% ?vl“ﬂ*“*
e, 1% vty A AelA o3z A3 US. EPA
(1993)8] 7|l wad £4% vlg S HH4
H2 H71A i
AT Hgol, v
T9oA] w27t 367HA &8

, B 3% 2¥slgoen,

M 5 A9 mhe| A4
H AFos ALEE T, ¥R ANA] (Abnormality, U.S.
EPA, 1993)% T14 A& 5k 283513t}

A4 BAe mhad, TIe AR & 32 93704
7t 29T, AR BE ek Ao el
t}(Table 1). T6o M= €3} A 3 FdsHA ZEA7}
E¥sle] W5 ggfe] 9l Aoz AlaHYv T8
At ze] oJis e AHer A=t Fdiged F
AL $3F oz et TilelM e §24 %
ol 7} 71 wo] ¥t }F 14F Hevl He
g Aoz AzFYoh T12: 71590z Heolr) £33}
7} A em Foi7t $AF o2 eyt T13E 3|
F2 BEX) 61870A R 71 we) £¥slgen, T14
AME FFA7L AR 4 F3Fe] FARIA e}
Y A Aol

4. 73 &4

a3 olF 2A B4 B4 Ade] gaw, 1, 25
24 A HAF A T1Y FFRE 47} 7bg @
A vehdow, Tox #2AUY $Hoz FFEE A
= 7P WA deldel Test T8e 9 Adnd &
FRE 247 B4 JeRded ol digtast gzl
ZF 240 G MNE Aoz e TI8L HE

J5ke
R

Table 2. Community analysis, based on the species rich-
ness index (d), evenness index ("), species diver-
sity index (H'), and dominance index (A) in Tae-

hwa River.
Samplin, , ,
1oca1t)iong d J H A

T1 0.4809 0.8253 0.9067  0.4281
T2 1.752 0.2699 0.6215 0.7693
T3 1.063 0.2179 0424 0.8354
T4 1.47 0.7156 1488  0.2835
T5 1.302 0.4972 1.034 0.4318
T6é 2.099 0.7837 1.947 0.1806
Ist T7 0.7972 0.73 1.175 0.3433
survey T8 2.21 0.5597 1.436 0.3713
T9 1.702 0.6084 1.401 0.3655
T10 1.924 0.8013 1.666 0.2532
T11 1.287 0.3849 0.7489  0.6665

T12 0.6646 wkk Rk 0.971
T13 1.152 0.2412  0.4693  0.8059
T14 0.6846 0.5694  0.7894 0.4892
T1 0.5939 0497 0.546 0.6946
T2 1.32 0.3686 0.7665  0.6467
T3 1.106 0.441 0.8582  0.5916
T4 1.704 0.5908 1.36 0.3205
TH 1.235 0.6797 1.323 0.3171
T6 1.624 0.6898 1.516 0.2863

2nd T7 1.44 0.7121 1.481 0.284
survey T8 2.108 0.4393 1.127 0.4205
T9 1.906 0.4301 1.031 0.5513
T10 2.239 0.6737 1.674 0.3207
T11 1.249 0.5269 1.025 0.5262
Ti2 1.683 0.7556 1.66 0.2619
T13 1.134 0.138 0.287 0.8954

T14 0.7367  0.4737 0.7624  0.632

22 $A oz 2LAE X457} 0.8954% w7 vlelstel
(Table 2). Bl2}7} 3157 A T12eME 13} 2APIA
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Fig. 5. Index of biological integrity (IBI) in Tachwa River.
The abbreviations are as follows: Excellent=E,
Good=G, Fair=F, Poor=P.

Fole $4oz M ¥e $HEE HAAT A
(200)2] AFAE BB shelA hE BE Fol A
A=} FRFE 47t 71 B e,

5. ¢ 7744 37}

Rl AR olFE ol gstel %@H Az
A4 (Index of Biological Integrity, IBI)E- A
4A A=t BRe +AUA APA 59} 9 w7}
(2008)8] 57 A7 12 A%t Hohahde.

gEte] 1, 23 2=AF A3 HF 26.1(n=14)2 “%3F
A (B)2 vehdet A AW BT 13} 2| A
F AAQ T1, 2, 32 “FHHAAHN (AR Vel T, 23}
ZAAAE T2, 0] ‘Gl B2 vehdeh 25
FREE BB (O Vel 174 Te, 8, 132
“rs AP B)2 Vet 7149 el T14: 7Hz) 12, 182
“EAE (D)9} “REAE (C)2 et E3] T11 A
ellA iz Z4es d2rt 591%2 F71ehe S
HolEd o AHHE F4hdFo] ZHshA] Aakstel o
=7k 324 A3 T Aoz Aadsd. dabte
25 729 AR ARE Ase SF2 243 7
fohe A BkEE 5 AAT o2 AT 57
2 248 A7 A9 S 9 29 Y flos
A7 #7he) gkl S vehite) wa saFoe) 4
AN Bgo] SFE B4s Paskn A5 v]ge] =
Feled AU} 3Has) o F 23 wakel 2 g v)
Arke | Aol AR89} (Allison ef al., 2007).

o] U.S. EPA(1993)0ll4] R.1# ule} 7o] alF2 7+
4% UG L 2949 Zrhz Aol Wobxlshe
Astsh QAsse

H 2
B A7 g3} 44 140 AA-L sz, 20009
59 99 23} mAFE ANShe of - et +3, B
24 AR S Boed ol f REEA 3 ge A%

= Aehsteith. A-EE§R]) 4> (Index of Biological Integri-
ty, IBDEE BAL 2 ke EAe) WA 53 -1
gkale] 87l cpi g Wl EY mulg o] 43l B A
AR 7} R 4(Qualitative Habitat Evaluation Index,
QHEDEA-E 1149) this: w28 2d¢ Agalsich
o - Babn 4 BAL BB} sAS) DAY S 27
o AA= F 200069FE 2009974 10497Ee] Al2E o
25} $Aae). B27HS) A 1087+ 7 BOD ke
1.7mg L'24 I1b(2%) 532 297, 0.1~31.8mg L
2 Yo wo]Z e Rk COD 2 3.6mgLizx] 4
Al Z WelE® ¥EA(0.4~33mg LY TN HFZe
2.8mg L1(89): 0.1~14.8mg L HE Jelton, TP
HFAE 96.8ug L1 (H9: 0~1675pg LH= Yelyich
dshpel B AR Ao} AS e 6152 wEY
e (C)oll A 164.5 “k A E]”(B)S] £E5 Ho|: Aoz
Vel 2579 QHEIL 3k T9 XA o % 37z A4
5 AN ko r A Aoz ey g3t
o) 1,23 2AF A} P 26.1(0=14)2 “F3AH)”(B)
= tpehdeh B3y 249 R 4 AE 5
WA o9 @ wEedusl 9Re W} SR 2
s2 7ol dstEE ARe v G} 44
BT, QHEL o] - 3514 448 Ao ua ALt 54
o] of3lz BHE 3R ZeF A Aadke A
PEREISIEEY

(=
g8 EH

24, uhgod. 2002. 3] AlE37]. WAL

2%, 2 &, o1 F2, ol 47, A, A, 2005. 9 T=
ol Fl =7t mEAL

AN E. 2009. B3} FANAANS] FAlES Y. SEG
- 62: 263-279.

FHE 1993, e 3hde] Aeq BA W 73R A
287 P20l FE- ‘}%%%?Jriﬂrﬂﬂ 2(4): 291-
297.

AR8, P14, AEF, o]l 2008 AF A B FellM
ol FAA W gl 8/ dlmpe ejzisbe £ WAHS.
23} 34-513)%] 41(3): 283-293.



436

o

t@=, 2. 2005, B AR H Y o o] F ohi4
H7mdel A AA-] A AR A =
$-5313)%] 88(3): 361-371

B, 9E3, o]ATF 2001a. AJER AR 4 (Index of Biologi-
cal Integrity)®] 145 Y257} 719 e ol 42 24
2] 7} A AE 19: 261-269.

-, A48, #4114, 2001b. A& RA A4 (Index of Biologi-
cal Integrity) ¥ AJA1x] #H7kx4=(Qualitative Habitat
Evaluation Index)Z o]-£3 H{&7}ke] 434 =7} 3=
$-48}13)%] 34: 153-165.

FTE. 1980. H]317}e] ool Aol Wl AEYIm
=53 29: 419-428.

FEE. 1982. FA G (357, AL, HlEhY eJelst o F
of #F AT FANTT GAS =7 FANS A, 41 pp.

£4A). 1990, -SALEA G K. 56 pp.

58], A, e, e, =, o)A 2006. A A
HRAFFES o4 Ao EX S Ada) e
A st A 4. sh=-E8 3R] 22(5): 768-783.

o=, 5, |3 1991. 37} ¢ eiF} Ao w| Y&
A A 79T 18: 81-93.

ARz, H718, F714. 2001 ARG (FFAAD ARae] o
FoA. 5543317 34(3): 239-250.

275 2008. A A A7 24 R 9 HFERIA. ]
7=kl

A, A, 473, kB, oA @, A4 2006, BY
(Epilithic Diatom) A|~& )48 W 23131 (F7%,
A7, AATHe AEA $Ags) 3R EsR
22(5): 784-795. ,

Allison, H.R., B.J. Freeman and M.C. Freeman. 2007. Ripar-
ian influences on stream fish assemblage structure in
urbanizing streams. Landscape Ecology 22: 385-402.

Barbour, M.T., J. Gerritsen, B.D. Snyder and J.B. Stribling.
1999. Rapid bioassessment protocols for use in streams
and wadeable rivers: periphyton, benthic macroinverte-
brates and fish, 2nd Ed, EPA 841-B-99-002. US EPA
Office of Water, Washington, D.C., USA.

Ganasan, V. and R.M. Hughes. 1998. Application of index
of biological integrity (IBI) to fish assemblages of the
river Khan and Kshipra (Madhya Pradesh), India. Fresh-
water Biology 40(2): 367-383.

Harris, J.H. 1995. The use of fish in ecological assessment.
Australian Journal of Ecology 20: 65-80.

Horton, R.E. 1945. Erosional development of streams and
their drainage basins: hydrophysical approach to quan-
titative morphology. Geological Society of America Bul-

RE -

A=

letin 56: 275-370.

Karr, J.R. 1981. Assessment of biotic integrity using fish
communities. Fishieries 6: 21-27.

Koizumi, N. and Y. Matsumiya. 1997. Assessment of stream
fish habitat based on Index of Biotic Integrity. Bulletin of
the Japanese Society of Fisheries Oceanography 61: 144-
156.

Margalef, R. 1958. Information theory in ecology. General
Systematics 3: 36-71.

Oberdorrff, T. and R.M. Hughes. 1992. Modification of an
index of biotic integrity based on fish assemblages to
characterize rivers of the Serine Basin, France. Hydro-
biologia 228: 117-130.

Ohio EPA. 1989. Biological criteria for the protection of
aquatic life, Vol. III, Standardized biological field sampl-
ing and laboratory method for assessing fish and macro-
invertebrate communities. USA.

Pielou, E.C. 1975. Ecological diversity. Wiley. New York.
165 pp. '

Plafkin, J.L., M.T. Barbour, K.D. Porter, Gross, S.K. and
R.M. Hughes. 1989. Rapid biocassessment protocols for
use in streams and rivers: benthic macroinvertebrate
and fish. EPA/444/4-89-001. Office of water regulations
and standards. US EPA. Washington DC, USA.

Shannon, C.E. and W. Weaver. 1963. The mathematical the-
ory of communication. University of Illinois Press, Ur-
bana.

Simpson, E.H. 1949. Measurement of diversity. Noture 163:
688 pp.

Strahler, A.N. 1957. Quantitative analysis of watershed
geomorphology. American Geophysical Union Transac-
tions 38: 913-920.

U.S. EPA. 1993. Fish field and laboratory methods for eval-
uating the biological integrity of surface waters. EPA
600-R-92-111. Environmental Monitoring systems Lab-
oratory-Cincinnati office of Modeling, Monitoring systerns,
and quality assurance Office of Research Development,
U.S. EPA, Cincinnati, Ohio 45268, USA.

U.S. EPA. 2002. Summary of biological assessment programs
and biocriteria development for states, tribes, territories,
and interstate commissions: streams and wadable river.
EPA-822-R-02-048, U.S. EPA, USA.

(Manuscript received 15 August 2010,
Revision accepted 10 September 2010)



